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Description
TECHNICAL FIELD

[0001] This invention relates to cells and methods of
isolation in the absence of expansion and culturing to
produce an unaltered source of post-natal multilineage-
inducible cells for scientific and therapeutic uses.

BACKGROUND OF THE INVENTION

[0002] In US Patent 7,807,458 B2 entitled "Multiline-
age-Inducible Cells and Uses Thereof', the inventors dis-
covered a unique patented composition comprising iso-
lated, post-natal, multilineage-inducible cells, which (i)
express at least CD29, CD 81, CD90, CD122, and
CD164; and (ii) do not express CD13 and another com-
position comprising isolated, post-natal, multilineage-in-
ducible cells, which (i) express at least CD29, CD81,
CD90, CD122,and CD164; and (ii) do not express CD34.
This discovery was given the name MIAMI Cells.
[0003] The disclosed MIAMI cells have a unique mo-
lecular profile. For example, in one embodiment, MIAMI
cells express at least one of CD29, CD81, CD9O0, or
SSEA4 in combination with CD122, CD164, hepatocyte
growth factor receptor (c-Met), bone morphogenetic pro-
tein receptor, type MB (BMP-receptor 1B), neurotrophic
tyrosine kinase receptor type 3 (NTRK3), Oct-4, or Rex-
1. MIAMI cells (and single-cell-derived colonies thereof)
can be maintained in vitro without detectable changes in
their characteristic molecular profile. Such in vitro MIAMI
cell populations have multi-germ layer differentiation po-
tential and can be differentiated into different mesoder-
mal, neuroectodermal, and endodermal cell lineages.
[0004] MIAMI cells and differentiated MIAMI cells are
useful for, among other things, the treatment of many
types of diseases, including, for example, neurological
disorders, bone disorders, cartilage disorders, and dia-
betes.

[0005] The work of Drs. Schiller and D’lppolito recited
in US 7,807,458 B2 is being incorporated by reference
in the present invention by these same inventors who are
providing unique and surprisingly unexpected improve-
ment, and further refinement in the collection and har-
vesting of new post-natal, multipotent cells at exceptional
yields and purities.

[0006] Historically, the collection of cells for transplan-
tation has required culturing and expansion to provide
sufficient quantities of viable cells. These procedures,
while no doubt increasing the numbers of cells, can in-
troduce contaminants from the culture medium and pro-
duce unknown alterations in the cells. Most cellular ther-
apies require plating and ex-vivo expansion of cells be-
fore transplantation. These procedures can introduce
chemicals to the cells that could alter their very structure.
These cells are considered manipulated and as such re-
quire extensive testing and regulatory controls to insure
both safety and efficacy.
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[0007] The isolation and production procedures of cul-
turing and expansion when conducted will likely result in
some cellular manipulation, but the ability to achieve suf-
ficient cell quantities has been heretofore unachievable
absent this culturing and expansion. Furthermore, the
culturing and expansion often leads to a more refined
and directed cell expression which can be beneficial in
its own right.

[0008] One attemptto achieve such a better procedure
can be found in US 2011/0182866 A entitled "Isolation
of Stem Cell Precursors and Expansion in Non-Adherent
Conditions" by lan K. McNiece of the University of Miami.
In this publication, the inventor provides culture condi-
tions for the generation of non-adherent stem cells by
providing a closed culture system with a decreased prob-
ability of contamination and allow for passage without
the use of enzyme treatment such as trypsin. He report-
ed, mesenchymal stem cells (MSC) were grown in a
closed bag system which enabled passage of the cells
without the use of trypsin. The isolated non-adherent
mesenchymal stem cells (NA-MSC) have a different phe-
notype to plastic adherent mesenchymal stem cells (PA-
MSC) but maintained the ability to adhere to plastic. The
non-adherent mesenchymal stem cells have a greater
capacity to integrate into a tissue environment and con-
tinue to proliferate, resulting in regeneration of damaged
tissue.

[0009] In this publication, a bag containing the cells
was massaged to inhibit adherence, but wherein their
culturing and expansion was still needed.

[0010] The present invention provides a unique com-
position of cells and new procedures overcoming these
issues of cellular manipulation and does so in cell quan-
tities sufficient for direct therapeutic use or as a source
of high purity, multipotent cells for later culturing and ex-
pansion.

SUMMARY OF THE INVENTION

[0011] A method of isolating non-expanded post-natal
multilineage-inducible cells comprises the steps of: iso-
lating bone marrow from the biological sample, isolating
total nuclear cells (TNCs) obtained from the bone mar-
row, incubating the total nuclear cells in the presence of
an antibody, separating the cells toisolate non-expanded
post-natal multilineage-inducible cells and isolating the
non-expanded post-natal multilineage-inducible cells in
the absence of expansion, according to claim 1. The con-
ditions for incubation (e.g., time, temperature, pH, and
salt) may be predetermined for sufficient binding to the
antibody or adhesion to the substrate. Preferably, the
method when using the antibody uses anti SSEA-4 an-
tibody phycoerythrin conjugated SSEA-4-PE. The anti-
body is directed to a cell surface marker selective for non-
expanded post-natal multilineage-inducible cells (e.g.,
SSEA-4).

[0012] The step of separating the non-expanded post-
natal multilineage-inducible cells includes separation by
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a magnetic or a cell sorting means. Alternatively, the step
of separating the cells can include separation by differ-
ential cell separation using selective detachment solu-
tions such as one or more of enzymes, citric acid, mild
acids or divalent chelating agents or combinations there-
of. The enzymes can be one of trypsin, collagenases or
other mild proteases. The detachment solution when a
mild acid can be citric acid, potassium chloride or com-
bination thereof. The detachment solution when a chelat-
ing agent can be EDTA, EGTA or combination thereof.

[0013] The non-expanded post-natal multilineage-in-
ducible cells collected yield 1.5% or greater of the total
nuclear cells, typically 3.0 to 7.0% or nominal 4.0%, this
represents over 3,500 times more cells than recovered
under the original MIAMI cells. The final eluted product
contains typically above 98%, in one sample 99.3 % of
SSEA-4 cells, ne-MIAMI cells. Test samples of the non-
expanded post-natal multilineage-inducible cells exhibit
characteristics when expanded after being isolated by
expressing phenotype markers SSEA-4, CD29, CD105,
CD63, CD71 and CD164 post expansion. The non-ex-
panded post-natal multilineage-inducible cells are
multipotent cell precursors. The source animal is prefer-
ably a human donor. The invention further discloses a
method of repairing and regenerating tissue in an animal
(not according to the invention) having the steps of iso-
lating cells from bone marrow of an animal, isolating non-
expanded post-natal multilineage-inducible cells and
transferring the non-expanded post-natal multilineage-
inducible cells into the animal or another animal. The
non-expanded post-natal multilineage-inducible cell re-
cipient animal can also be the donor of the bone marrow.
The non-expanded post-natal multilineage-inducible
cells are obtained from allogeneic, autologous or syn-
geneic sources. The non-expanded post-natal multiline-
age-inducible cells are multipotent cells. The human do-
nor can be living or a cadaver donor.

[0014] The predetermined temperature is above 0 de-
grees C to 10 degrees C, preferably about 4 degrees C.
The predetermined time is 15 minutes to 60 minutes,
preferably about 30 minutes. The cells, when later ex-
panded, do not exhibit at least one of CD34, CD45, MHC-
1 or HLA-DR phenotype markers, in a preferred embod-
iment none of these phenotype markers are exhibited.
The invention, in one embodiment, is a composition hav-
ing isolated non-expanded post-natal multilineage-in-
ducible cells for direct transplantation into an animal. The
cells further express at least one of hepatocyte growth
factor receptor (c-Met), bone morphogenetic protein re-
ceptor type IB (BMP-receptor 1B), or neurotrophic tyro-
sine kinase receptor type (NTRK3). The cells are isolated
from a biological sample comprising bone marrow and
the cells are isolated from a mammal wherein the mam-
mal is a human. The mammal can be a postmortem sub-
ject.

[0015] Alsodisclosed are compositions (not according
to the invention) which can further have one or more nat-
ural or synthetic scaffolds. The scaffolds can be biode-
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gradable scaffolds or non-biodegradable scaffolds or bi-
oabsorbable scaffolds. The biodegradable scaffolds can
be one of a gel, a water soluble monomer or a combina-
tion thereof. The non-biodegradable scaffolds can be one
or more of bone, cartilage, tissue membrane or combi-
nations thereof. The bioabsorbable scaffolds can be col-
lagen sponge. The scaffolds can have releasable trophic
factors thatinduce a cellular response, wherein the troph-
ic factors include one or more of growth factor, vitamins,
cytokines, morphogens, nucleotides, microRNA or other
signaling molecules.

[0016] Also disclosed are pharmaceutical composi-
tions (notaccording to the invention) having multilineage-
inducible cells in a pharmaceutically acceptable carrier
wherein the carrier is water, physiological saline, bal-
anced salt solutions, aqueous dextrose, glycerol or the
like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will be described by way of ex-
ample and with reference to the accompanying drawings
in which:

FIG. 1is a setof graphs showing FACS analysis with
anti SSEA-4.FIG. 1Ais an MNCs analysis of Isotype-
matched negative controls. FIG. 1B isan MNCs anal-
ysis with MNCs having 3.5% of SSEA-4 positive
cells. FIG. 1C shows Isotype-matched negative con-
trols after magnetic separation of SSEA-4 cells. FIG.
1D shows all the isolated cells are SSEA-4 positive
after magnetic separation.

FIG. 2 is a set of photographs showing ne-MIAMI
cells as they differentiate into bone forming cells. Af-
terisolation cells were expanded as adherent shown
in figures 2A and 2B. Osteogenic differentiation me-
dium is added to the culture, after 21 days in culture,
ne-MIAMI cells were able to express osteoblastic
markers: alkaline phosphatase shown in figure 2C
and calcium deposition shown in figure 2D.

ABBREVIATIONS
[0018]

a-MEM: a-minimum essential medium

BDNF: brain-derived neurotrophic factors
Beta2/NeuroD: neurogenic differentiation transcrip-
tion factor (also, beta-cell E-box transactivator 2)
bFGF: basic fibroblast growth factor

BHA: butylated hydroxyanisole

BME: B-mercaptoethanol

BMMNCs: bone marrow mononuclear cells
BMP-receptor 1B: bone morphogenetic protein re-
ceptor, type 1B

BSP: bone sialoprotein

c-Met: HGF receptor

CNTFR: ciliary neurotrophic factor receptor
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DMEM: Dulbecco’s modified Eagle medium
DMSO: dimethyl sulfoxide

ECM: extracellular matrix

EF1-a: translation elongation factor 1-alpha

EGF: epidermal growth factor

ES: embryonic stem [cells]

FACS: fluorescence-activated cell sorting

FBS: fetal bovine serum

FN: fibronectin

GFAP: glial fibrillary acidic protein

GlyA: glycophorin-A

HGF: hepatocyte growth factor

ISL-1: islet-1 transcription factor

LPL: lipoprotein lipase

MAPCs: multipotent adult progenitor cells

MSCs: marrow stromal cells

NeuN: neuronal nuclear protein

NF160: neurofilament-160 kD

NF-L: neurofilament protein, light chain (68 kD)
NF-M 125 kD: neurofilament protein

NGF: B-nerve growth factor

Nkx6.1: NK6 transcription factor related, locus 1
NSCs: neural stem cells

NT-3: neurotrophin-3

NTRK3: NT-3 receptor

OC: osteocalcin

OP: osteopontin

PPAR-y2: peroxisome proliferator activated receptor
y-2

Runx2: runt-homology domain transcription factor
SSEAA4: stage-specific embryonic antigen 4
TGF-B3: transforming growth factor-B3

Trk-A tyrosine kinase receptor A (also, NGF recep-
tor)

Tud1: monoclonal antibody specific for B-lll-tubulin

TERMS

[0019] Unless otherwise noted, technical terms are
used according to conventional usage. Definitions of
common terms in molecular biology may be found in Ben-
jamin Lewin, Genes V, published by Oxford University
Press, 1994 (ISBN 0-19-854287-9); Kendrew et al.
(eds.), The Encyclopedia of Molecular Biology, published
by Blackwell Science Ltd., 1994 (ISBN 0-632-02182-9);
and Robert A. Meyers (ed.), Molecular Biology and Bio-
technology: a Comprehensive Desk Reference, pub-
lished by VCH Publishers, Inc., 1995 (ISBN
1-56081-569-8).

[0020] In order to facilitate review of the various em-
bodiments of the invention, the following explanations of
specific terms are provided:

[0021] Adherent: Connected to, associated with, or af-
fixed to, a substrate. For example, a cell that adheres to
a cell culture dish in vitro, and grows attached thereto is
adherent. Typically, an adherent cell will not wash off a
surface to which it is attached by gentle washing with a
buffered saline solution. In some cases, enzymatic solu-
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tions (such as trypsin-EDTA) may be used to disrupt the
attachment between an adherent cell and the surface to
which it is attached. In other circumstances, adherent
cells may be physically detached from a surface using a
tool designed for such purposes, such as a cell scraper.
[0022] A non-adherentcellis one thatis not stably con-
nected to, associated with, or affixed to a substrate. Cells
grown in suspension culture are examples of non-adher-
ent cells.

[0023] B cells: Mature insulin producing cells. In vivo,
these cells are found in the pancreatic islets of Langer-
hans. "B-like cells" are cells that express one or more
markers characteristic of § cells, such as Nkx6.1 or in-
sulin.

[0024] Biological Sample: Any sample that may be ob-
tained directly or indirectly from a living or postmortem
subject (such as, a recently deceased), including whole
blood, plasma, serum, bone marrow, vertebral bodies,
iliac crest aspirate, umbilical cord blood, tears, mucus,
saliva, urine, pleural fluid, spinal fluid, gastric fluid, sweat,
semen, vaginal secretion, sputum, fluid from ulcers
and/or other surface eruptions, blisters, abscesses,
and/or extracts of tissues, cells or organs (such as, fat,
cartilage, muscle, skin, bone, teeth, liver, brain). The bi-
ological sample may also be a laboratory research sam-
ple such as a cell culture supernatant. The sample is
collected or obtained using methods well known to those
skilled in the art.

[0025] Bone morphogenetic protein receptor, type IB
(BMP-receptor 1B or BMPR1B): A member of a family
of transmembrane serine/threonine kinases, which are
receptors for members of the TGF-f superfamily. Human
BMPR1B cDNA encodes a 502-amino acid polypeptide
that contains a single transmembrane domain and an
intracellular serine/threonine kinase domain. BMPR1B
mRNA is about 6.5 kb and is expressed in several human
tissues, with highest levels in prostate and brain.
BMPR1B is also known as activin receptor-like kinase 6
(or ALK®B). (See, for example, ten Dijke et al., Science,
264:101-104, 1994; Ide et al., Oncogene, 14:1377-1382,
1997; Ide et al., Cytogenet. Cell Genet., 81:285-286,
1998).

[0026] CD29: A 130-kD antigen expressed, for exam-
ple, in leukocytes. CD29 is also known as the B1-integrin
subunit, which associates with CD49a in VLA-1 integrin.
Alternate names for CD29 include Fibronectin Receptor,
Beta Subunit (FNRp), Very Late Activation Protein, Beta
(VLA-B).

[0027] CD34: is a cluster of differentiation molecule
present on certain cells within the human body. Itis a cell
surface glycoprotein and functions as a cell-cell adhesion
factor. It may also mediate the attachment of stem cells
to bone marrow extracellular matrix or directly to stromal
cells. CD34 is also the name for the human gene that
encodes the protein. The CD34 protein is a member of
a family of single-pass transmembrane sialomucin pro-
teins that show expression on early hematopoietic and
vascular-associated tissue.
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[0028] CD45: a 200-220kDa antigen, originally called
leukocyte common antigen, which is encoded by the
gene protein tyrosine phosphatase, receptor type, C also
known as PTPRC. CD45, in its various isoforms, is
present on all differentiated hematopoietic cells except
erythrocytes and plasma cells, and assists in the activa-
tion of those cells.

[0029] CD49bis alsoknown asthe o2-integrin subunit.
It associates with CD29 (the B1-integrin subunit) to bind
collagen and laminin. Alternate names for CD49b are
Very Late Activation Protein 2 Receptor, VLA-2 Recep-
tor, or Platelet Glycoprotein la/lla.

[0030] CDG63: antigen is a protein that in humans is
encoded by the CD63 gene. This encoded protein is a
cell surface glycoprotein that is known to complex with
integrins. CD63 is mainly associated with membranes of
intracellular vesicles, although it is also expressed in the
cell surface.

[0031] CD71: An antigen ubiquitously distributed on
the cell surface of actively growing human cells. It is a
glycoprotein composed of disulfide-linked polypeptide
chains, each of about 90 kD molecular weight. CD71 is
also known as the transferrin receptor.

[0032] CD73:Is an antigen in the surface of many hu-
man cells. CD73 is an enzyme that in humans is encoded
by the NT5E gene, the encode enzyme is 5’-nucleotidase
(5’-NT), also known as ecto-5’-nucleotidase.

[0033] CD81:A26-kD integral membrane protein, also
known as TAPA1, which is expressed on many human
cell types (including lymphocytes). CD81 is believed to
associate with CD19 and CD21 to form B cell coreceptor.
CD81 is a member of the transmembrane pore integral
membrane protein family.

[0034] CD90: An 18-kD glycoprotein antigen ex-
pressed, for example, on CD34* human prothymocytes,
fibroblasts and brain cells and on mouse T cells. CD90
is also known as Thy-1. It belongs to immunoglobulin
supergene family, and consists of a single immunoglob-
ulin homology unit that is either intermediate between V
and C or somewhat more similar to a V homology unit.
[0035] CD105: is a type | membrane glycoprotein lo-
cated on cell surfaces and is part of the TGF betareceptor
complex. It is also commonly referred to as endoglin,
END, FLJ41744, HHT1, ORW and ORW1.

[0036] CD122: The 75-kD 6-chain of the interleukin-2
receptor (also known as, IL-2Rp). This antigen is ex-
pressed, for example, in natural killer cells, resting T cells
and, some B cell lines.

[0037] CD164: A protein antigen of about 80 to 90 kD,
which is expressed, for example, in human CD34* he-
matopoietic progenitor cells (Zannettino et al., Blood,
92:2613-2628, 1998). CD164 belongs to a heterogene-
ous group of secreted or membrane-associated proteins
called sialomucins. Sialomucins are believed to have two
opposing functions in vivo: first, as cytoprotective or an-
tiadhesive agents and, second, as adhesion receptors.
[0038] Differentiation: A process whereby relatively
unspecialized cells (for example, undifferentiated cells,
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such as multilineage-inducible cells) acquire specialized
structural and/or functional features characteristic of ma-
ture cells. Similarly, "differentiate" refers to this process.
Typically, during differentiation, cellular structure alters
and tissue-specific proteins appear. "Osteogenic differ-
entiation" is a process whereby undifferentiated cells ac-
quire one or more properties (for example, morphologi-
cal, biochemical, or functional properties) characteristic
of bone-related cells, such as osteoblasts or osteoclasts.
"Chondrogenic differentiation" is a process whereby un-
differentiated cells acquire one or more properties (for
example, morphological, biochemical, or functional prop-
erties) characteristic of cartilage-related cells, such as
chondrocytes. "Adipogenic differentiation” is a process
whereby undifferentiated cells acquire one or more prop-
erties (for example, morphological, biochemical, or func-
tional properties) characteristics of adipocytes. "Neural
differentiation” is a process whereby undifferentiated
cells acquire one or more properties (for example, mor-
phological, biochemical, or function properties) charac-
teristic of neural cells, such as glial cells, oligodendro-
cytes, or neurons. "Neuronal differentiation” is a process
whereby undifferentiated cells acquire one or more prop-
erties (for example, morphological, biochemical, or func-
tion properties) characteristic of neurons. "B-cell-like dif-
ferentiation" is a process whereby undifferentiated cells
acquire one or more properties (for example, morpho-
logical, biochemical, or functional properties) character-
istic of a pancreatic p-cell.

[0039] Expand: A process by which the number or
amount of cells in a cell culture is increased due to cell
division. Similarly, the terms "expansion" or "expanded"
refers to this process. The terms "proliferate," "prolifera-
tion" or "proliferated" may be used interchangeably with
the words "expand," "expansion"”, or "expanded." Typi-
cally, during an expansion phase, the cells do not differ-
entiate to form mature cells.

[0040] Expression: The process by which the coded
information of a gene is converted into an operational,
non-operational, or structural part of a cell, often including
the synthesis of a protein.

[0041] Thus, the term "expression" contemplates ei-
ther or both gene expression, measured for example, by
levels of RNA (such as, mRNA) in a cell, or protein ex-
pression. Methods of determining RNA levels are well
known in the art, and include Northern blots, RT-PCR,
RNAse protection, and others.

[0042] Methods of determining protein expression are
similarly well known, and include Western blots, function-
al assays, immunofluorescence, optical absorbance, mi-
croscopy (including electron microscopy) and others.
[0043] Extracellular matrix (ECM): A complex network
of different combinations of collagens, proteoglycans
(PG), hyaluronic acid, laminin, fibronectin, and many oth-
er glycoproteins. The ECM is a scaffold that fills extra-
cellular spaces. In some instances, the ECM (or partic-
ular components thereof) can mediating cell-to-cell inter-
actions, or play a functional role in mediating cellular pro-
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liferation or differentiation.

[0044] Proteoglycans may be modified by gly-
cosaminoglycans (GAGs), which are long-chain com-
pounds of repeated disaccharide units. The four main
types of GAGs consist mainly of sulfated heparan sul-
fate/heparin, chondroitin sulfate/dermatan, keratan sul-
fate, and the non-sulfated glycosaminoglycan hyaluronic
acid. Many proteoglycans contain a core protein which
links them to the cellular membrane. Hyaluronic acid is
the only extracellular oligosaccharide that is not known
to be covalently linked to a protein.

[0045] Growth factor: A substance that promotes cell
growth, survival, and/or differentiation. Growth factors in-
clude molecules that function as growth stimulators (mi-
togens), molecules thatfunction as growth inhibitors (e.g.
negative growth factors) factors that stimulate cell migra-
tion, factors that function as chemotactic agents or inhibit
cell migration or invasion of tumor cells, factors that mod-
ulate differentiated functions of cells, factors involved in
apoptosis, or factors that promote survival of cells without
influencing growth and differentiation Examples of
growth factors are bFGF, EGF, CNTF, HGF, NGF, and
activin-A.

[0046] Hepatocyte growth factor receptor (c-Met): A ty-
rosine kinase comprised of disulfide-linked subunits of
about 50 kD (alpha) and about 145 kD (beta), which is a
receptor for hepatocyte growth factor. In the fully proc-
essed c-Met product, the alpha subunit is extracellular,
and the beta subunit has extracellular, transmembrane,
and tyrosine kinase domains as well as sites of tyrosine
phosphorylation. (See, for example, Bottaro et al., Sci-
ence, 251:802-804, 1991).

[0047] HLDR: is a major histocompatibility (MHC)
class Il cell surface receptor encoded by the human leu-
kocyte antigen complex on chromosome 6 region
6p21.31. HLA (human leukocyte antigens) were original-
ly defined as cell surface antigens that mediate graft-
versus-host disease, which resulted in the rejection of
tissue transplants in HLA-mismatched donors.

[0048] Induce: To cause to move forward to a result.
Forexample, certain cell culture conditions may establish
an environment that prompts one or more events (some-
time, a cascade of events), which results in the special-
ization of a previously unspecialized cell type. In this ex-
ample, placing an unspecialized cell into such culture
conditions induces the cell to become more specialized,
such as to differentiate.

[0049] Isolated: An"isolated" cellis a cell that has been
purified from the other cellular components of a tissue.
Cells can be isolated by a variety of methods, including
mechanical and/or enzymatic methods. In one embodi-
ment, anisolated population of cellsincludes greater than
about 50%, greater than about 75%, greater than about
90%, greater than about 95%, or greater than about 99%
of the cells of interest In another embodiment, an isolated
population of cells is one in which no other cells of a
different phenotype can be detected. In a further embod-
iment, an isolate population of cells is a population of
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cells that includes less than about 5%, or less than about
1% of cells of a different phenotype than the cells of in-
terest. An "isolated" cell may be a population of clonally
derived cells, such as cells expanded into a single-cell-
derived colony.

[0050] Low density: A relatively small number of cells
per unit area of a container in which the cells are con-
tained. Adherent cells are often considered to be at low
density when the population of cells do not form a con-
tinuous monolayer on the surface on which the cells are
adhered. Exemplary low cell densities include no more
than about 104 cells/cm?2, or no more than about 105
cells/cm?2.

[0051] Low-oxygen tension (orlow oxygen conditions):
Any culturing conditions below the normal atmospheric
oxygen level (which is approximately 21%). Thus, in par-
ticular embodiments, low oxygen conditions are less than
about 15% oxygen, less than about 10% oxygen, less
than about 5% oxygen, or less than about 3% oxygen.
In some embodiments, the culture oxygen conditions are
kept as close as possible to the normal physiological ox-
ygen conditions in which a particular cell would be found
in vivo. This may mean that the oxygen conditions em-
ployed for a particular celltype will depend on the regional
origin of that particular cell type. For example, cells from
an alveolar origin may prefer growth at about 14% 0O2;
cells from an arterial source will prefer an oxygen con-
centration of about 12%; whereas those from certain re-
gions of the brain may prefer oxygen conditions as low
as about 1.5%. Low oxygen conditions are not to be con-
sidered the same as "hypoxic" conditions. Low oxygen
conditions are intended to mimic physiological condi-
tions, whereas hypoxic conditions describe oxygen lev-
els that are less than normal physiological conditions for
a particular cell type.

[0052] Marker: A protein, glycoprotein, or other mole-
cule expressed on the surface of a cell, which serves to
help identify the cell. A cell surface marker can generally
be detected by conventional methods. Specific, non-lim-
iting examples of methods for detection of a cell surface
marker are immunohistochemistry, fluorescence activat-
ed cell sorting (FACS), or an enzymatic analysis.
[0053] MHC-I: Are one of two primary classes of major
histocompatibility complex (MHC) molecules (the other
being MHC class Il) and are found on nearly every nu-
cleated cell of the body. Their function is to display frag-
ments of proteins from within the cell to T cells; healthy
cells will be ignored, while cells containing foreign pro-
teins will be attacked by the immune system. Because
MHC class | molecules present peptides derived from
cytosolic proteins, the pathway of MHC class | presen-
tation is often called the cytosolic or endogenous path-
way.

[0054] Multilineage-inducible cell: A cell capable of dif-
ferentiating into more than one cell lineage. A multiline-
age cellis capable of differentiating into cell types derived
from more tam one germ layer, including cell types of
mesodermal, ectodermal or endodermal origin. In partic-
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ular examples, a multilineage-inducible cell can be dif-
ferentiated into mesodermal, neuroectodermal, and en-
dodermal cell lineages, including, for instance, osteob-
lasts, chondrocytes, adipocytes, neurons, and B-like
cells.

[0055] Neurological disorder: A disorder in the nervous
system, including the central nervous system or the pe-
ripheral nervous system. The term "neurological disor-
der" includes neurogenerative disorders. A "neurogen-
erative disorder" is an abnormality in the nervous system
of a subject, such as a mammal, in which neural integrity
is threatened. Without being bound by theory, neural in-
tegrity can be threatened when neural cells display de-
creased survival or when the neurons can nolonger prop-
agate a signal. Specific, non-limiting examples of neuro-
logical disorders are provided in the specification.
[0056] Neurotrophin-3 receptor (NTRK3) (also known
as gp145 and trkC): A member of the TRK family of ty-
rosine protein kinase genes, which is expressed, for ex-
ample, regions of the brain, including the hippocampus,
cerebral cortex, and the granular cell layer of the cere-
bellum NTRK3 is a glycoprotein of about 145 kD, and a
receptor for neurotrophin-3 (see, for example, Lamballe
et al., Cell, 66:967-979, 1991; Valent et al., Europ. J.
Hum. Genet., 5:102-104, 1997; McGregor et al., Genom-
ics, 22:267-272, 1994).

[0057] Oct-4: A known developmentally regulated,
mammalian transcription factor containing the POU
homeo domain, which is characteristically expressed in
undifferentiated pluripotent embryonic stem cells (see,
for example, Flasza et al.,, Cloning Stem Caells,
5:339-354, 2003; Bhattacharya et al., Blood,
103:2956-2964, 2003; Sui et al., Differentiation, 71:
578-585, 2003; Palmieri et al., Dev. Biol., 166:259-267,
1994).

[0058] Pharmaceutically acceptable carriers: The
pharmaceutically acceptable carriers useful in this inven-
tion are conventional. Remington’s Pharmaceutical Sci-
ences, by E. W. Martin, Mack Publishing Co., Easton,
Pa., 15th Edition (1975), describes compositions and for-
mulations suitable for pharmaceutical delivery of the mul-
tilineage-inducible cells herein disclosed.

[0059] In general, the nature of the carrier will depend
on the particular mode of administration being employed.
For instance, parenteral formulations usually comprise
injectable fluids that include pharmaceutically and phys-
iologically acceptable fluids such as water, physiological
saline, balanced salt solutions, aqueous dextrose, glyc-
erol or the like as a vehicle. For solid compositions (for
example, powder, pill, tablet, or capsule forms), conven-
tional non-toxic solid carriers can include, for example,
pharmaceutical grades of mannitol, lactose, starch, or
magnesium stearate. In addition to biologically neutral
carriers, pharmaceutical compositions to be adminis-
tered can contain minor amounts of non-toxic auxiliary
substances, such as wetting or emulsifying agents, pre-
servatives, and pH buffering agents and the like, for ex-
ample sodium acetate or sorbitan monolaurate.
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[0060] Post-natal: After birth. For example, a neonate
(anewborn), achild, an adolescent, or an adult (including,
for example, an aged adult).

[0061] Rex-1 (also known as Zfp-42): A known mam-
malian transcription factor containing zinc finger motifs,
which is characteristically expressed in undifferentiated
pluripotent embryonic stem cells (see, for example, Ho-
sler et al., Mol. Cell. Biol., 9:5623-5629, 1989; Rogers et
al., Development, 113:815-824, 1991; Hosler et al., Mol.
Cell. Biol., 13:2919-2928, 1993; Nishiguchi et al., J. Bi-
ochem. (Tokyo), 116:128-139, 1994).

[0062] Stage-specific embryonic antigen 4 (SSEA4):
A globoseries glycolipid (related to SSEA1 and SSEA3)
recognized by monoclonal antibodies originally raised to
distinguish early stages of mouse development Primate
pluripotent cells express SSEA-4 and SSEA-3, while
SSEA-1 is expressed only upon differentiation of such
cells. (See, for example, Andrews et al., Int. J. Cancer,
66:806-816, 1996; Thomson and Marshall, Curr. Topics
Dev. Biol., 38:133-165, 1998; Thomson et al., Science,
282:1145-1147, 1998).

[0063] Subject: Any living or postmortem mammal,
such as humans, non-human primates, pigs, sheep,
cows, rodents and the like which is to be the recipient of
the particular treatment. In one embodiment, a subject
is ahuman subject or a murine subject. Death of a subject
is determined by any standard known in the art, including,
for example, cessation of heart or brain function. A post-
mortem subject typically will have been dead for less than
48 hours, such as less than 24 hours. A postmortem sub-
ject may be housed in an environment that may slow
cellular degradation, which occurs following death; for
example, a cool environment (such as between about 0
degrees C. and about 15 degrees C., or between about
0 degrees C. and about 10 degrees C. between about 0
degrees C. and about 4 degrees C.) may slow cellular
degradation.

[0064] Therapeutically effective amount of a cell: An
amount of a MIAMI cell (or a differentiated MIAMI cell)
that can be determined by various methods, including
generating an empirical dose-response curve, potency
and efficacy modeling, and other methods used in the
biological sciences. In general, atherapeutically effective
amount of MIAMI cells (or differentiated MIAMI cells) is
an amount sufficient to alleviate at least one symptom of
a disease or disorder to be treated in a subject. In one
embodiment, a therapeutically effective amount of MIAMI
cells (or differentiated MIAMI cells) is more than about
10,000 cells, more than about 20,000 cells, more than
about 30,000 cells, or between about 5,000 cells and
about 50,000 cells.

[0065] The therapeutically effective amount of cells will
be dependent on the subject being treated (for example,
the species or size of the subject), the degree that the
subject is compromised, and the method and/or location
of administration of the cells. In one embodiment, a ther-
apeutically effective amount of cells is an amount of cells
sufficient to measure MIAMI cells in the peripheral blood
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of a recipient.

[0066] Transduced and Transformed: A virus or vector
"transduces" a cell when it transfers nucleic acid into the
cell. A cell is "transformed" by a nucleic acid transduced
into the cell when the DNA becomes stably replicated by
the cell, either by incorporation of the nucleic acid into
the cellular genome, or by episomal replication. As used
herein, the term transformation encompasses all tech-
niques by which a nucleic acid molecule might be intro-
duced into such a cell, including transfection with viral
vectors, transformation with plasmid vectors, and intro-
duction of naked DNA by electroporation, lipofection, and
particle gun acceleration.

[0067] Transplantation: The transfer of a tissue or an
organ, or cells, from one body or part of the body to an-
other body or part of the body. An "allogeneic transplan-
tation" or a "heterologous transplantation” is transplan-
tation from one individual to another, wherein the individ-
uals have genes at one or more loci that are not identical
in sequence in the two individuals. An allogeneic trans-
plantation can occur between two individuals of the same
species, who differ genetically, or between individuals of
two different species. An "autologous transplantation” is
a transplantation of a tissue or cells from one location to
another in the same individual, or transplantation of a
tissue or cells from one individual to another, wherein the
two individuals are genetically identical.

[0068] Treating a disease: Refers to inhibiting (or pre-
venting) the partial or full development or progression of
a disease, for example in a person who is known to have
a predisposition to a disease. An example of a person
with a known predisposition is someone with a history of
diabetes in the family, orwho has been exposed to factors
that predispose the subject to a condition, such as lupus
or rheumatoid arthritis. Moreover, treating a disease re-
fers to atherapeutic intervention that ameliorates at least
one sign or symptom of a disease or pathological condi-
tion, orinterferes with a pathophysiological process, after
the disease or pathological condition has begun to de-
velop.

[0069] Unless otherwise explained, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which this invention belongs. The singular terms "a,"
"an," and "the" include plural referents unless context
clearly indicates otherwise. Similarly, the word "or" is in-
tended to include "and" unless the context clearly indi-
cates otherwise. "Comprising" means "including." Hence
"comprising A or B" means including A or B, or including
A and B. Itis further to be understood that all base sizes
oramino acid sizes, and all molecular weight or molecular
mass values, given for nucleic acids or polypeptides are
approximate, and are provided for description. Although
methods and materials similar or equivalent to those de-
scribed herein can be used in the practice or testing of
the present invention, suitable methods and materials
are described below. In case of conflict, the present spec-
ification, including explanations of terms, will control. In
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addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

[0070] Except as otherwise noted, the methods and
techniques of the present invention are generally per-
formed according to conventional methods well known
in the art and as described in various general and more
specific references that are cited and discussed through-
out the present specification. See, e.g., Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold
Spring Harbor Laboratory Press, 1989; Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 3rd ed., Cold
Spring Harbor Press, 2001; Ausubel et al., Current Pro-
tocols in Molecular Biology, Greene Publishing Associ-
ates, 1992 (and Supplements to 2000); Ausubel et al.,
Short Protocols in Molecular Biology: A Compendium of
Methods from Current Protocols in Molecular Biology,
4th ed., Wiley & Sons, 1999; Harlow and Lane, Antibod-
ies: A Laboratory Manual, Cold Spring Harbor Laboratory
Press, 1990; and Harlow and Lane, Using Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory
Press, 1999.

DETAILED DESCRIPTION OF THE INVENTION

[0071] Original ad-MIAMI cells as disclosed herein are
isolated post-natal, multilineage-inducible cells (MIAMI
cells), which express a unique set of molecular markers.
A summary of selected markers expressed (or not ex-
pressed, as applicable) in various MIAMI cell embodi-
ments is shown in Table 1.

TABLE 1
Representative MIAMI Cell Markers

Marker MIAMI Cell Expression
CD10 +
CD13 -
CD29 +
CD34 -
CD36 -
CD44 +
CD45 -
CD49b -
CD49e +

CD54 (ICAM-1) ]
CD56 (NCAM) -

CD63 +
CD71 -
CD81 (TAPA-1) +
CD90 +
CD103 +
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(continued)

Representative MIAMI Cell Markers
Marker MIAMI Cell Expression
CD109 -
CD117 (cKit) -
CD122 (IL-2RB) +
CD133 -
CD156 +
CD164 +
BMP-receptor 1B +
CNTFR +
HGF Receptor (c-Met) +
Class I-HLA -
HLA-DR -
hTERT +
NTRK3 +
POU4F1 (Oct-4) +
Rex-1 +
SSEA4 +
[0072] MIAMI cells may be identified by any unique set

of the markers set forth in Table 1. For example, MIAMI
cells may uniquely express at least one, at least two, at
least three, at least four, at least five, or at least six of
the Table 1 markers. In some embodiments, MIAMI cells
express at least one of CD29, CD81, CD90, or stage-
specific embryonic antigen 4 (SSEA4), and at least one
of CD122, CD164, hepatocyte growth factor receptor (c-
Met), bone morphogenetic protein receptor, type IB
(BMP-receptor 1B), neurotrophic tyrosine kinase recep-
tor type 3 (NTRK3), Oct-4, or Rex-1. In other examples,
MIAMI cells express at least one of c-Met, BMP-receptor
1B, or NRTKa3. In still other examples, MIAMI cells ex-
press at least a combination of CD29, CD81, CD90,
CD122, and CD164.

[0073] The ne-MIAMI cells are generally small cells. In
some examples, a ne-MIAMI cell is between about 5 pm
and about 12 pum, such as between about 7 um and about
10 wm ne-MIAMI cells typically contain relatively little cy-
toplasm and are highly proliferative. In some examples,
ne-MIAMI cells have a population doubling time of about
20 hours to about 36 hours.

[0074] ne-MIAMI cells can be isolated from a living or
postmortem mammal of any age. A mammal includes
either human or non-human mammals. In some exam-
ples, ne-MIAMI cells are isolated from post-natal sub-
jects, such as a neonate, a child, an adolescent or an
adult (including, without limitation, an aged adult) of any
mammalian species. In particular embodiments, ne-MI-
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AMI cells are isolated from an adult primate, such as a
human.

[0075] A subject from whom a biological sample is col-
lected may be a postmortem subject. In particular exam-
ples, a postmortem subject is recently deceased. Death
of a subject may be determined by any standard known
inthe art, such as cessation of heart function, or cessation
of brain function. In some embodiments, a postmortem
subject is one whose heart has recently (such as within
about 1 to about 4 hours) stopped beating, or a subject
who has no measurable brain activity, or a subject in-
tended for organ or tissue donation. In other examples,
a postmortem subject may have been dead for up to 48
hours, such as up to 24 hours or up to 12 hours. In par-
ticular examples, a postmortem subject may be housed
in a cold environment, such as between about 0 degrees
to about 15 degrees C., between about 1 degrees C. to
about 10 degrees C., or between about 1 degrees C. to
about 5 degrees C., prior to collection of a biological sam-
ple.

[0076] ne-MIAMI cells may be isolated from one or
more biological sample(s), such as bone marrow. Meth-
ods for collection of a biological sample will vary depend-
ing upon, for example, the type of sample to be collected.
Such collection methods are well known in the art. For
instance, bone marrow may be collected by inserting a
needle into the marrow cavity of a bone under local an-
esthetic and aspirating marrow from the bone. It may be
useful (though not required) to maintain sterile conditions
during collection of a sample to reduce the possibility of
bacterial, fungal or other infection in a subsequent cell
culture of ne-MIAMI cells (see below).

[0077] ne-MIAMI cells may be isolated from a biologi-
cal sample by any method known in the art or a combi-
nation thereof, including without limitation the methods
disclosed herein (see, for example, Example 1). In one
embodiment, ne-MIAMI cells can be selectively expand-
ed using cell culture techniques. In other embodiments,
ne-MIAMI cells can be isolated from a biological sample
based on the physical properties of the ne-MIAMI cells.
For example, several techniques are known in the art by
which ne-MIAMI cells may be isolated based on the
unique set of markers expressed by ne-MIAMI cells, in-
cluding, for example, fluorescence-activated cell sorting
(FACS), immobilized marker-specific antibodies (such
as, antibody-coupled beads), or magnetic-activated cell
sorting (MACS).

[0078] ne-MIAMI cells may also be isolated on the ba-
sis of other physical properties of the ne-MIAMI cells,
such as cell size. A biological sample can be sorted on
the basis of cell size using any method known in the art.
For example, cells in a biological sample may be passed
through one or more filters of varying pore size, including
filters having a larger pore size, such as of about 50-200
pm, or about 80-100 wm, or filters having a smaller pore
size, such as of about 10-50 pm or 20-40 pm. In some
examples, sequential filters having decreasing pore size
may be employed. In one embodiment, the cells passed
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through one or more filters are less than 40 pm in diam-
eter. In other embodiments, isolated cells are between
about 5 um and 12 pm in diameter. The cellular compo-
nent of a biological sample can also be sorted by size by
passing a cell population through one or more size-ex-
clusion column(s). In one such embodiment, the cells are
eluted along a size gradient such that the largest cells
are eluted first and the smallest cells are eluted last. The
cells can also be sorted by size using FACS. ne-MIAMI
cells may comprise more than about 10%, about 25%,
about 50%, about 90% of size-sorted cell sample.
[0079] Methods for isolation and expansion of ne-MI-
AMI cells have been identified and are disclosed herein.
A method of isolation of the ne-MIAMI cells includes ob-
taining a cell population from one or more biological sam-
ple(s), such as bone marrow, vertebral bodies, peripheral
blood, umbilical cord blood, iliac crest aspirate, fat, car-
tilage, muscle, skin, bone, teeth, liver or brain Methods
for collecting a biological sample useful in the disclosed
methods are the same as discussed above.

[0080] A biological sample, optionally, may be partially
purified after collection. For example, non-cellular mate-
rials or dead or damaged cells may be removed by any
technique known in the art.

[0081] Though not bound by theory, it is believed that
ne-MIAMI cells respond favorably to signals (whether hu-
moral, physical, or other signals) produced by one or
more other cell types that reside with ne-MIAMI cells with-
in a biological compartment (from which a biological sam-
ple is taken); thus, isolation of ne-MIAMI cells may be
enhanced by maintaining ne-MIAMI cells and such other
resident cell type(s) in proximity to one another and/or in
functional contact. In some embodiments, unfractionated
cellular components of a biological sample will be re-
tained for subsequentisolation of ne-MIAMI cells. In other
embodiments, a biological sample may be fractionated
so as to co-fractionate ne-MIAMI cells and any other cell
types functionally relevant to ne-MIAMI cells viability. In
yet another embodiment, a biological sample may be
fractionated to selectively remove cells (or other compo-
nents) that do not reside with ne-MIAMI cells, but which
may be inadvertently included in a sample as a result of
a particular cell collection process, such as connective
tissue, or mature red blood cells.

[0082] Inone specific, non-limiting example, the result-
ing population of cells includes ne-MIAMI cells as greater
than 50% of the population, greater than 80% of the pop-
ulation, greater than 90% of the population, or greater
than 95% of the population.

[0083] The use of adult cells for the treatment of clinical
conditions arising from disease, injury, degeneration,
and aging has become increasingly effective and sought-
after. A remaining key limitation is the identification and
isolation of a suitable primary post-natal multilineage-in-
ducible cell population with a homogeneous phenotypic
profile and consistently potent regenerative/reparative
capacity. The inventors had isolated and patented a nov-
el human cell population termed marrow-isolated adult
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multilineage-inducible (MIAMI) cells (US Patent No.
7,807,458, October 5, 2010) characterized by a unique
molecular profile which distinguish them from other hu-
man adult cells. They have demonstrated the effective-
ness of MIAMI cells in the treatment of several vascular,
neurological, and musculoskeletal conditions using var-
ious in vitro and animal models.

[0084] Itis well established that most cellular therapies
require plating and ex-vivo expansion of the cells before
transplantation, the regulatory hurdles for these thera-
pies are enormous and can cost several millions of dollars
to prove safety and efficacy. Through much scientific
work, the present inventors have identified a commer-
cially available antibody which recognizes a marrow-iso-
lated adult multilineage-inducible marker. This antibody
is suitable for the isolation of non-expanded marrow-iso-
lated adult multilineage-inducible (ne-MIAMI) cells direct-
ly from human whole bone-marrow (BM) samples. Ap-
proximately 3-4% of marrow derived total nuclear cells
(TNC) appear to express this marker. This finding estab-
lishes the conditions for the efficient isolation of sufficient
numbers of ne-MIAMI cells from bone marrow (BM) of
living or cadaveric donors with minimal manipulation.
This allows these ne-MIAMI cells to be considered a hu-
man cell and tissue product (HCT/P), as in 361 HCT/P
or 351 HCT/P.

[0085] In one embodiment, the isolation of ne-MIAMI
cells was performed on fresh human BM. After Ficoll gra-
dient separation total nuclear cells (MNCs) were incubat-
ed for 30 minutes at 4 degrees C in the presence of anti-
SSEA-4 antibody phycoerythrin conjugated (SSEA-4-
PE). Atthe end of the incubation time anti-PE microbeads
(Miltenyi Biotech) were added to cells. FACS analysis
demonstrated that 3.5% of TNCs are SSEA-4+ cells, as
shown in figure 1B, which is about 3,500 times more cells
than the number of marrow stromal cells (MSCs) isolated
from BM using the empirical isolation procedure used in
the inventor’s prior patented invention. Thus, the new
procedure allows the direct isolation of a greater amount
of cells, without the need for expansion. Subsequently,
cells were applied to the magnetic separation column of
a MiniMACS kit (Miltenyi Biotech). The final eluted prod-
uct contains the 99.3% of SSEA-4+ cells, containing the
ne-MIAMI cells, as shown in figure 1D. After plating, the
ne-MIAMI cells acquire the typical morphology similar to
the original patented MIAMI cells within 24 hours, as
shown in figures 2A and 2B. To verify the differentiation
capacity of ne-MIAMI cells, cells were plated in the pres-
ence of osteogenic differentiation medium for 21 days.
After adherence to plastic surface ne-MIAMI cells start
to grow rapidly, as shown in figures 2A and 2B. At the
end of the incubation time cells were stained for osteob-
lastic markers, such alkaline phosphatase and calcium
deposition. Osteoblastic-differentiated ne-MIAMI cells
express high levels of alkaline phosphatase, as shown
in figure 2C; and calcium deposition, as shown in figure
2D. This data confirmed that ne-MIAMI cells are able to
differentiate.
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[0086] In another embodiment the ne-MIAMI cells are
isolated from mononuclear cells separated from bone
marrow by differential adhesion to substrates. The sub-
strates can be cell culture vessels, bone particles, sur-
faces coated with extracellular matrix proteins, bone sur-
faces, etc. Based on the differential attachment proper-
ties of ne-MIAMI cells, these can be separated from other
cells present in the MNC population by their capacity to
adhere to the surface of these substrates with unique
affinities. While most leukocytes cells fail to attach or ad-
here to these surfaces, ne-MIAMI cells attach to these
substrates after incubating the MNC population for a pe-
riod of time, while other cells do not attach effectively.
The period of attachment time can range from a few hours
(i.e., 4-hrs) to a few days (i.e., 3 to 14 days). After adhe-
sion to the substrates, the non-attached cells are re-
moved by washing with saline solution (i.e., DPBS, HB-
SS, etc.), while the ne-MIAMI cells remain attached. In
addition, to ne-MIAMI cells, other cells (i.e., monocytes,
macrophages, osteoclasts, pre-osteoclasts, etc.) can al-
so attach to these surfaces, however, with a different
affinity. Ne-MIAMI cells can be separated from these oth-
er cell types by exposing the cells to a specific detach-
ment agent. Detachment agents that selectively allow
detachment of ne-MIAMI cells, but not the other attached
cells, include Ca2* ion chelating agents (such as EDTA,
EGTA), a solution composed of concentration low citric
acid in combination potassium chloride, or a combination
of the above.

[0087] The expression of original MIAMI cell markers
after plastic adherence and expansion of the ne-MIAMI
cells isolated and compared them to MIAMI cells isolated
with the original method. Ne-MIAMI cells appear to be a
more immature population. The number of cells express-
ing SSEA-4 was almost double in ne-MIAMI cells com-
pared to adherence-isolated (ad)-MIAMI cells. Other
markers, such as CD29, CD105, CD63, CD71, and
CD164 were lower in ne-MIAMI cells, this imply that ne-
MIAMI cells delay the expression of markers of more
committed cells.

[0088] The ne-MIAMI cells are anticipated to be capa-
ble of preventing tissue damage and promoting tissue
repair and functional recovery in animal models of cere-
bral ischemia, Parkinson’s disease, critical limb
ischemia, cardio vascular ischemia, vascular disease
and coronary artery disease. The ne-MIAMI cells will be
similar to the original ad-MIAMI cells in that they secrete
a number of cytokines known to be involved in angiogen-
esis, cell survival, progenitor cell recruitment, immu-
nomodulation and neuroprotection. A fraction of the en-
grafted cells have expressed features of neuronal or vas-
cular cells.

[0089] The purpose of this invention is to provide a
unique and novel procedure for isolating marrow-isolated
adult multilineage-inducible cells directly from bone mar-
row without any in vitro expansion. The ne-MIAMI cells
have similar, but their own unique characteristics when
compared to the expanded MIAMI cells. These inventive
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ne-MIAMI cells have a broad differentiation potential. The
ne-MIAMI cells can be utilized in autologous and alloge-
neic cellular therapies and tissue engineering strategies
tailored to the needs of an individual, independently of
his/her age, aimed at repairing damaged or diseased or-
gans and tissues.

[0090] Most cellular therapies require plating and ex-
vivo expansion of the cells before transplantation, the
regulatory hurdles for these therapies are enormous and
can cost several millions of dollars to prove safety and
efficacy. There are several companies offering culture-
expanded adult multilineage cells. These companies
could benefit by using the ne-MIAMI cell product as an
unexpanded source of multilineage cells, which can be
modified by their own proprietary culturing and expansion
procedures which could provide expression markers on
the more primitive cells of the ne-MIAMI invention further
refining the cell differentiation.

[0091] The ne-MIAMI cells are derived from an easily
accessible source, such as bone marrow. The ne-MIAMI
cells when expanded have similar, but unique character-
istics compared to the expanded MIAMI cells. They have
a broad differentiation potential. The ne-MIAMI cells can
be utilized in autologous and allogeneic cellular therapies
and tissue engineering strategies tailored to the needs
of an individual, independently of his/her age, aimed at
repairing damaged or diseased organs and tissues. The
ne-MIAMI cells like the expanded MIAMI cells express
markers for all three embryonic germ layers; they could
be differentiated towards all different cell types derived
from all three germ-layers found in the body. Ne-MIAMI
cells could also be used to repopulate cell types lost to
chemo or radiation therapy after treatment of cancers or
malignancies, Ne-MIAMI cells could also be used in co-
transplantation approaches with other organ/tissue dur-
ing allo-transplantation procedure to reduce graft versus
host disease (GvHD). A comparison of markers ex-
pressed after expansion by ne-MIAMI cells and ad-MI-
AMI cells is shown in Table 2 below.

Table 2: Markers expressed by ne-MIAMI cells after

expansion
Marker ne-MIAMI ad-MIAMI

cells cells
1 SSEA-4 56.1% 32.1%
2 CD29 86% 93.5%
3 CD73 99.3% 99.5%
4 CD90 98.7% 99.2%
5 CD105 25% 34.8%
6 CD63 5.3% 35.3%
7 CD71 3.4% 9.4%
8 CD81 99.7% 99.8%
9 CD164 9.4% 20%
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(continued)

Marker ne-MIAMI ad-MIAMI

cells cells
10 CD34 Negative Negative
11 CD45 Negative Negative
12 MHC-1 Negative Negative
13 HLA-DR Negative Negative

[0092] Itis estimated that multilineage cell therapy will
help approximately 130 million people in the United
States.

[0093] Itis believed the ne-MIAMI cells could have an
impact in biomedicine as broad as pluripotent multiline-
age cells.

[0094] Variations in the present invention are possible
in light of the description of it provided herein. While cer-
tain representative embodiments and details have been
shown for the purpose of illustrating the subjectinvention,
it will be apparent to those skilled in this art that various
changes and modifications can be made therein without
departing from the scope of the subject invention. It is,
therefore, to be understood that changes can be made
in the particular embodiments described, which will be
within the full intended scope of the invention as defined
by the following appended claims.

Claims

1. A process for isolating non-expanded post-natal
multilineage-inducible cells comprising:

isolating bone marrow from an isolated biologi-
cal sample;

isolating total nuclear cells (TNCs) obtained
from said bone marrow;

incubating the TNCs in the presence of an anti-
body directed to a cell surface marker selective
for non-expanded post-natal multilineage-in-
ducible cells;

separating said cells to isolate non-expanded
post-natal multilineage-inducible cells; and
isolating said non-expanded post-natal multilin-
eage-inducible cells in the absence of expan-
sion,

characterized in that said antibody is directed
to SSEA-4 and that said cell surface marker
comprises SSEA-4.

2. Process according to claim 1, wherein said step of
separating cells to isolate non-expanded post-natal
multilineage-inducible cells comprises separation of
said cells by magnetic or cell sorting means.

3. Process according to claim 1, wherein said step of
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separating cells to isolate non-expanded post-natal
multilineage-inducible cells comprises separation by
differential cell adhesion using selective detachment
solutions.

4. Process according to claim 3, wherein said detach-
ment solutions are selected from enzymes, citric ac-
id, mild acids or divalention chelating agents or com-
binations thereof.

5. Process according to claim 4, wherein said detach-
ment solution is selected as enzymes, said enzymes
being selected from trypsin, collagenases or other
mild proteases.

6. Process according to claim 4, wherein said detach-
ment solution is a mild acid, said mild acid being
selected from citric acid, potassium chloride or com-
binations thereof.

7. Process according to claim 4, wherein said detach-
ment solution is a chelating agent, said chelating
agent being selected from EDTA, EGTA or combi-
nations thereof.

8. Process according to claim 1, wherein said non-ex-
panded post-natal multilineage-inducible cells col-
lected yield 1.5% or greater of the total nuclear cells.

9. Process according to claim 1, wherein said non-ex-
panded post-natal multilineage-inducible cells ex-
hibit characteristics when expanded after being iso-
lated, by expressing phenotype markers SSEA-4,
CD29,CD105,CD63,CD71and CD164 postexpan-
sion.

10. Process according to claim 1, wherein said non-ex-
panded post-natal multilineage-inducible cells are
multipotent cell precursors.

11. Process according to claim 1, wherein the animal is
a human donor.

Patentanspriiche

1. Verfahren zum lIsolieren von nicht-expandierten
postnatalen multlineage-induzierbaren Zellen, um-
fassend:

Isolieren von Knochenmark aus einer isolierten
biologischen Probe;

Isolierung von aus dem Knochenmark erhalte-
nen Gesamtkernzellen (TNCs);

Inkubieren der TNCs in Gegenwart eines Anti-
kérpers, der gegen einen Zelloberflachenmar-
ker gerichtet ist, der fiir nicht-expandierte post-
natale multlineage-induzierbare Zellen selektiv
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ist;

Abtrennen der Zellen, um nicht-expandierte
postnatale multlineage-induzierbare Zellen zu
isolieren; und

Isolieren der nicht-expandierten postnatalen
multlineage-induzierbaren Zellen unter der Ab-
wesenheit von Expansion,

dadurch gekennzeichnet, dass der Antikdrper
gegen SSEA-4 gerichtet ist und dass der Zello-
berflachenmarker SSEA-4 umfasst.

Verfahren nach Anspruch 1, wobei der Schritt des
Abtrennens der nicht-expandierten postnatalen
multlineage-induzierbaren Zellen das Abtrennen der
Zellen durch magnetische oder Zellsortiermittel um-
fasst.

Verfahren nach Anspruch 1, wobei der Schritt des
Abtrennens der nicht-expandierten postnatalen
multlineage-induzierbaren Zellen das Abtrennen
durch differentielle Zelladhasion unter Verwendung
von selektiven Abldselésungen umfasst.

Verfahren nach Anspruch 3, wobei die AbldselGsun-
gen aus Enzymen, Zitronensdure, milden Sauren
oder zweiwertigen lonenchelatbildnern oder Kombi-
nationen davon ausgewahlt sind.

Verfahren nach Anspruch 4, wobei die Abléseldsung
aus Enzymen ausgewahltist, wobei die Enzyme aus
Trypsin, Kollagenasen oder anderen milden Prote-
asen ausgewahlt sind.

Verfahren nach Anspruch 4, wobei die Abléseldsung
eine milde S&ure ist, wobei die milde Saure aus Zi-
tronensaure, Kaliumchlorid oder Kombinationen da-
von ausgewahlt ist.

Verfahren nach Anspruch 4, wobei die Abléseldsung
ein Chelatbildner ist, wobei der Chelatbildner aus
EDTA, EGTA oder Kombinationen davon ausge-
wahlt ist.

Verfahren nach Anspruch 1, wobei die gesammelten
nicht-expandierten postnatalen multlineage-indu-
zierbaren Zellen 1,5% oder mehr der Gesamtkern-
zellen ergeben.

Verfahren nach Anspruch 1, wobei die nicht-expan-
dierten postnatalen multlineage-induzierbaren Zel-
len Eigenschaften aufweisen, wenn sie nach Isola-
tion expandiert werden, durch Expression der Pha-
notyp-Marker SSEA-4, CD29, CD105, CD63, CD71
und CD164 nach Expansion.

Verfahren nach Anspruch 1, wobei die nicht-expan-
dierten postnatalen multlineage-induzierbaren Zel-
len multipotente Zellvorlaufer sind.

(]
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11. Verfahren nach Anspruch 1, wobei das Tier ein

menschlicher Spender ist.

Revendications

Procédé d’isolement de cellules post-natales non
amplifiées inductibles par multilignées comprenant
les étapes consistant a :

isoler de la moelle osseuse a partir d’'un échan-
tillon biologique isolé ;

isoler des cellules nucléaires totales (TNC) ob-
tenues a partir de ladite moelle osseuse ;
incuber les TNC en présence d’un anticorps di-
rigé contre un marqueur de surface cellulaire
sélectif pour des cellules post-natales non am-
plifiées inductibles par multilignées ;

séparer lesdites cellules pour isoler des cellules
post-natales non amplifiées inductibles par
multilignées ; et

isoler lesdites cellules post-natales non ampli-
fiees inductibles par multilignées en I'absence
d’amplification,

caractérisé en ce que ledit anticorps est dirigé
contre SSEA-4 et en ce que ledit marqueur de
surface cellulaire comprend SSEA-4.

Procédé selon la revendication 1, dans lequel ladite
étape de séparation de cellules pour isoler des cel-
lules post-natales non amplifiées inductibles par
multilignées comprend la séparation desdites cellu-
les par des moyens de tri magnétique ou cellulaire.

Procédé selon la revendication 1, dans lequel ladite
étape de séparation de cellules pour isoler des cel-
lules post-natales non amplifiées inductibles par
multilignées comprend la séparation par adhésion
cellulaire différentielle en utilisant des solutions de
dissociation sélective.

Procédé selon la revendication 3, dans lequel lesdi-
tes solutions de dissociation sont choisies parmi des
enzymes, de 'acide citrique, des acides doux ou des
agents chélateurs d’ions divalents ou des combinai-
sons de ceux-cCi.

Procédé selon la revendication 4, dans lequel ladite
solution de dissociation est choisie sous forme d’en-
zymes, lesdites enzymes étant choisies parmi de la
trypsine, des collagénases ou d’autres protéases lé-
geres.

Procédé selon la revendication 4, dans lequel ladite
solution de dissociation est un acide doux, ledit acide
doux étant choisi parmi de I'acide citrique, du chlo-
rure de potassium ou des combinaisons de ceux-ci.
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Procédé selon la revendication 4, dans lequel ladite
solution de dissociation est un agent chélateur, ledit
agent chélateur étant choisi parmi EDTA, EGTA ou
des combinaisons de ceux-ci.

Procédé selon la revendication 1, dans lequel lesdi-
tes cellules post-natales non amplifiées inductibles
par multilignées collectées générent 1,5 % ou plus
des cellules nucléaires totales.

Procédé selon la revendication 1, dans lequel lesdi-
tes cellules post-natales non amplifiées inductibles
par multilignées présentent des caractéristiques
lorsqu’elles sont amplifiées aprés avoir été isolées,
en exprimant des marqueurs phénotypiques SSEA-
4,CD29, CD105, CD63, CD71 et CD164 aprés am-
plification.

Procédé selon la revendication 1, dans lequel lesdi-
tes cellules post-natales non amplifiées inductibles
par multilignées sont des précurseurs de cellules
multipotentes.

Procédé selon la revendication 1, dans lequel I'ani-
mal est un donneur humain.
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